BACKGROUND: Studies have shown that individuals with COPD have impaired body balance, probably caused by the disease's multisystemic manifestations plus age-related decline in balance, potentially increasing the risk of falling and its consequences. However, little is known about the profile of individuals with COPD who present balance impairments, especially related to sex and disease severity stages. The aim of this work was to compare static and functional balance between subjects with COPD and healthy controls and to check possible differences according to sex and degrees of disease severity. METHODS: Forty-seven subjects with COPD and 25 healthy controls were included in this study. Their static balance was assessed in one-legged stance using a force platform and functional balance with the Timed Up and Go test. Additionally, participants performed spirometry, the 6-min walk test and isometric quadriceps maximal voluntary contraction assessment. Disease severity was classified according to the Global Initiative for Obstructive Lung Disease stages and BODE (body mass index, air-flow obstruction, dyspnea, and exercise capacity) scores. RESULTS: In comparison with healthy controls, subjects with COPD had worse static (center of pressure displacement area: 9.3 ؎ 1.9 cm 2 vs 11.6 ؎ 4.0 cm 2 , respectively, P ‫؍‬ .01) and functional balance (Timed Up and Go test: 8. 5 ؎ 1.3 s vs 10.3 ؎ 1.8 s, respectively, P < .001) . In the COPD group, men performed better in the Timed Up and Go test than women (9.8 ؎ 1.2 s vs 10.9 ؎ 2.2 s, respectively, P ‫؍‬ .03), whereas women presented a better static balance in comparison with men for all parameters related to center of pressure (P < .005 for all). Disease severity did not affect any balance results. CONCLUSIONS: Individuals with COPD had worse static and functional balance in comparison with healthy controls. Sex can mediate these results, depending on the type of balance evaluation (force platform or functional test). Balance performance was similar among the groups classified according to disease severity.
Introduction
COPD is a major global health problem, since it is the fourth leading cause of death in developed countries 1 and estimated to become the third leading cause in 2030. 2 Although it has been considered primarily as a pulmonary disease, it is well recognized that people with COPD also suffer from many non-respiratory manifestations, such as muscle dysfunction, systemic inflammation, and malnutrition 3 . In addition, studies have suggested that individuals with COPD generally have impaired balance. [4] [5] [6] The mechanisms are not completely clear; however, there is a relationship between the disease's multisystemic manifestations and balance deterioration. [4] [5] [6] This deterioration is added to the aging-related decline in balance. 7 Therefore, it is reasonable to infer that most individuals with COPD are doubly affected (ie, by both the aging process and disease progression).
The main consequence of poor balance is the increased risk of falling. [8] [9] [10] [11] It has particular importance for patients with COPD, since they also present a higher prevalence of osteoporosis, 12 which increases the risk of fall-related fractures and its complications, including hospitalizations. Such hospital admissions can be even more harmful for patients with COPD due to respiratory system susceptibility and preexisting reduction of peripheral muscle strength, physical activity level, and exercise capacity. 3 For these reasons, the topic is currently a field of interest.
To choose the appropriate rehabilitative approach, a deeper scientific knowledge about the profile of COPD patients with poor balance is necessary. To date, some studies have shown that people with COPD have impaired body balance when compared with healthy individuals 5, 6, [13] [14] [15] [16] ; however, this information is not fully established yet. Balance impairment was demonstrated by stabilographic analysis 5, 6, 13 or functional balance tests, 5, [14] [15] [16] but both types of assessment in the same sample are scarce. Moreover, it is unknown whether there are differences in static and functional balance according to sex as well as among patients with different stages of disease severity.
Therefore, the aim of the present study was to compare static and functional balance between individuals with COPD and healthy controls. In addition, we also sought to determine possible differences between sexes and among different levels of disease severity.
Methods

Study Design and Sample
This cross-sectional study was conducted from July 2011 to January 2014. The total sample was composed of 72 participants, 47 individuals with COPD and 25 subjects without COPD (control group).
Inclusion criteria for subjects with COPD were: diagnosis of COPD according to the Global Initiative for Obstructive Lung Disease (GOLD) 17 ; stable disease (no severe exacerbations in the prior 3 months); age Ն50 y old; absence of severe comorbidities that could interfere in the assessments; absence of balance disorders (eg, labyrinthitis or benign paroxysmal positional vertigo); absence of previous lower-limb fractures; absence of severe audiovisual disorders; and absence of regular physical exercise practice in the last 6 months. The control group had the same inclusion criteria except for the diagnosis of COPD. Those who were unable to either understand or perform any procedure or who requested to leave the study for any reason were excluded. The study was approved by the Research Ethics Committee of the University of Northern Parana (UNOPAR), and all participants gave written informed consent. 
QUICK LOOK
Current knowledge
Recent studies have suggested that individuals with COPD have impaired balance, potentially increasing the risk of falls. However, little is known about the profile of people with COPD who present poor balance, especially concerning differences related to sex and disease severity.
What this paper contributes to our knowledge
Subjects with COPD have worse functional and static balance in comparison with healthy individuals. However, they do not necessarily have balance deficits and risk of falling according to the functional test performed. Men performed better in the functional balance test than women, whereas women presented better static balance in comparison with men. Balance was not related to disease severity.
STATIC AND FUNCTIONAL BALANCE IN INDIVIDUALS WITH COPD
Procedures
Anthropometric Data. Weight and height were measured, and body mass index (BMI) was then calculated (kg/m 2 ). Weight was assessed using a portable digital scale (Welmy, Santa Bárbara d'Oeste, Brazil), and height was assessed by an anthropometer (Sanny, Sa នo Bernardo do Campo, Brazil.).
Pulmonary Function. Spirometry was performed to evaluate pulmonary function (Pony FX spirometer, Cosmed, Rome, Italy). The test was carried out according to international guidelines, 18 and the reference values for the Brazilian population were applied. 19 Disease Severity. Based on spirometry, subjects with COPD were separated according to GOLD classification for disease severity: GOLD I, mild (FEV 1 Ն80% predicted); GOLD II, moderate (FEV 1 50 -79% predicted); GOLD III, severe (FEV 1 30 -49% predicted); and GOLD IV, very severe (FEV 1 Ͻ 30% predicted). 17 In addition, the BODE (body mass index, air-flow obstruction, dyspnea, and exercise capacity) index was also used to classify disease severity. 20 The score ranges from 0 to 10, and higher values indicate worse disease severity. 20 Subjects were classified in quartiles according to the score obtained: I (score 0 -2), II (score 3-4), III (score 5-6), and IV (score 7-10). Two groups were further separated for analysis: less severe disease (quartiles I and II) and more severe disease (quartiles III and IV).
Static Balance. Static balance was evaluated using a force platform (BIOMEC400, EMG System of Brazil, São José dos Campos, Brazil), which is a reliable instrument for stabilographic measures in both older and young adults. 21 All participants were assessed in a one-legged stance, a position considered more predictive of falls. 22, 23 The variables used for analyses were center of pressure displacement area, center of pressure displacement velocity in anterior-posterior direction, and center of pressure displacement velocity in medial-lateral direction. Participants performed 3 trials of 30 s in a one-legged stance, and the average was used for statistical analysis. 21 Functional Balance. Functional balance was assessed by the Timed Up and Go test, 24 which has been considered a simple screening test for measuring the risk of falling among older adults. 25 In this test, participants are requested to stand up from a standardized armchair, walk at their usual speed a distance of 3 m, turn, walk back to the chair, and sit down again. 24 During the test, physical assistance is not given, subjects wear their usual footwear, and walking aids and oxygen are allowed, if necessary. 24 The test was performed twice, and the best result was used for analysis. 26 Functional Exercise Capacity. The 6-min walk distance (6MWD) was used to assess functional exercise capacity. It was performed according to European Respiratory Society and American Thoracic Society guidelines, 27, 28 in a 30-m corridor. The reference values used were previously developed for Brazilians by Britto et al. 29 Peripheral Muscle Strength. Peripheral muscle strength of subjects with COPD was evaluated using a portable dynamometer (microFET2, Hoggan Health Industries, West Jordan, Utah) attached to multistation equipment (Multigym-CRW 1000, Embreex, Brusque, Brazil). The isometric quadriceps maximal voluntary contraction of the dominant lower limb 30 was assessed, and the best of 3 acceptable and reproducible measurements was used for analysis. 31 The reference values were described previously by Neder et al. 32 
Statistical Analysis
Statistical analysis was performed using GraphPad Prism 6.0 (GraphPad Software, San Diego, California). The Shapiro-Wilk test was used to verify the normality of data distribution. The unpaired Student t test or Mann-Whitney test was used for intergroup comparisons. The chi-square (with or without Yates correction) or Fisher exact test was used to compare the sex distribution between groups. The comparisons according to disease severity were performed using the one-way analysis of variance or Kruskal-Wallis test (Tukey or Dunn post-test, respectively). The Spearman or Pearson correlation coefficients were used to identify correlations between general characteristics and body balance variables. All tests were 2-tailed, and the statistical significance was set as P Ͻ .05.
The power of the study was calculated retrospectively (GPower 3.1, Heinrich-Heine-University, Du ទsseldorf, Germany). Based on the difference found in time spent to perform the Timed Up and Go test between the COPD group and control group (COPD group [n ϭ 47]: 10.3 Ϯ 1.8 s vs control group [n ϭ 25]: 8.5 Ϯ 1.3 s) and the difference found in the center of pressure displacement area in a one-legged stance (COPD group [n ϭ 39]: 11.6 Ϯ 4.0 cm 2 vs control group [n ϭ 25[: 9.3 Ϯ 1.9 cm 2 ), considering an ␣ of .05, the sample size has a power Ͼ80% for both.
Results
The general characteristics of the 72 studied participants are shown in Table 1 . Mean age, BMI, and sex ratio were comparable between groups. As expected, subjects with COPD presented worse values of pulmonary function and STATIC AND FUNCTIONAL BALANCE IN INDIVIDUALS WITH COPD RESPIRATORY CARE • • • VOL 61 NO 10 functional exercise capacity in comparison with the control group.
Regarding static balance, individuals with COPD presented a greater center of pressure displacement area in one-legged stance when compared with the control group ( Fig. 1A) . No differences were found between groups when analyzing the center of pressure displacement velocity in the anterior-posterior direction (control group: 3.5 Ϯ 1.5 cm/s vs COPD group: 3.8 Ϯ 1.3 cm/s, P ϭ .19) and the center of pressure displacement velocity in the medial-lateral direction (control group: 3.7 Ϯ 1.7 cm/s vs COPD group: 3.6 Ϯ 0.9 cm/s, P ϭ .48). Eight participants (17%) from the COPD group were not able to remain in the one-legged stance for 30 s, whereas all subjects in the control group completed the test. Subjects with COPD also presented worse functional balance in comparison with the control group ( Fig. 1B) .
When analyzing functional balance according to sex, women with COPD performed worse in the Timed Up and Go test in comparison with men ( Fig. 2A ). Static balance was also different between sexes, since men presented a greater center of pressure displacement area and velocity in the one-legged stance compared with women ( Fig. 2, B , C, and D). Men and women presented comparable weight, BMI, pulmonary function, isometric quadriceps maximal voluntary contraction (predicted), and 6MWD (absolute and predicted). There were differences in age (men: 68 Ϯ 8.0 y vs women: 63 Ϯ 5.7 y, P ϭ .01), height (men: 1.67 Ϯ 0.07 m vs women: 1.56 Ϯ 0.06 m, P Ͻ .001), and absolute isometric quadriceps maximal voluntary contraction (men: 102 Ϯ 28 newton-meters vs women: 73 Ϯ 21 newton-meters, P ϭ .001).
These differences were not observed in the control group for both functional and static balance ( A secondary analysis was done to compare the general characteristics and functional and static balance of participants with COPD who were able to perform the onelegged stance test with participants who were not (Table  3 ). This sub-analysis showed that those not able to perform the one-legged stance test were older and had a higher BMI and worse functional exercise performance.
In the COPD group, there was a moderate correlation between age and all parameters related to center of pressure ( Fig. 3, A, B , and C). Functional balance correlated to height, absolute 6MWD, and absolute isometric quadriceps maximal voluntary contraction ( Fig. 4, A, B, and C) .
Discussion
The present study demonstrated that both static and functional balance are more impaired in people with COPD in comparison with healthy individuals. In the COPD group, men performed better in the functional balance test than women, whereas women presented a better static balance in comparison with men. Moreover, balance performance was comparable among the groups classified according to disease severity.
Comparison Between COPD and Control Groups
As in this study, Smith et al 6 observed that people with COPD have worse static balance in comparison with healthy volunteers. Using a force platform, the authors verified a larger center of pressure range in the medial-lateral direction in the COPD group. Our study found a larger center of pressure displacement area in individuals with COPD, but no differences were verified in the velocity of this displacement in both directions (anterior-posterior and medial-lateral). The different parameters used for analysis make it difficult to compare the studies. Smith et al 6 calculated the range of COP displacement in both directions (ie, maximal amplitude of the path of the COP), whereas in the present study, the area of displacement (95% ellipse area) and its velocity were used for analyses.
Other studies have shown similar results (ie, worse balance in people with COPD when compared with healthy individuals) despite using different assessment methodologies. 6, 9, [13] [14] [15] Some authors have used objective tests, such as force platform, 6 force platform associated with proprioceptive perturbation, 13 and the Sensory Organization test, 15 whereas others have chosen functional tests (eg, the Balance Evaluation Systems test, 14 Timed Up and Go test, and Berg Balance scale). 9 In this context, the present study is novel, since balance was evaluated in 2 different ways, static (objective) and functional. This combined methodology reinforces our findings and, consequently, the statement that people with COPD have worse balance in comparison to people without the disease, as demonstrated in a recently published systematic review. 33 Similarly to this study, Butcher et al 5 used static and functional balance assessments. The authors compared 3 groups: subjects with COPD who required supplemental oxygen, subjects with COPD who did not require supplemental oxygen, and healthy control subjects. In their study, healthy individuals performed better in some functional balance tests in comparison with the other groups composed of people with COPD; however, the static balance analysis showed differences only between control subjects and people with COPD requiring supplemental oxygen (ie, those with more severe disease). In the present study, participants with COPD presented worse performance in static balance regardless of disease severity. This difference may be explained by the choice of static balance tasks. The one-legged stance seems to be more challenging, and for this reason, it might have a higher potential to discriminate those with and without balance impairment.
Differences According to Disease Severity
Butcher et al 5 observed a moderate correlation between balance and measures of disease severity, as determined through spirometry. In another study, there was high correlation between BODE index score and functional balance assessed by the Tinetti scale. 16 In the present study, there was no correlation between balance and pulmonary function or between balance and BODE index score. In addition, static and functional balance did not differ among subgroups separated according to GOLD and BODE criteria for disease severity. A possible explanation for this finding is the relative preserved balance of our sample, taking into account the performance in the Timed Up and Go test. Shumway-Cook et al 25 found that older adults who take Ͼ14 s to complete this test have poor balance and are at risk of falling. Therefore, even performing worse in the Timed Up and Go test in comparison with healthy controls, the COPD group presented a relatively preserved functional balance according to this cut-off value, since only 3 participants (6.4%) took Ͼ14 s to complete the Timed Up and Go test. This performance may be related to exercise capacity. Despite being significantly worse than healthy controls, the mean distance walked in the 6MWD was 481 m, which corresponds to almost 90% of the predicted value. Furthermore, functional exercise capacity moderately correlated to functional balance of subjects with COPD in the present study.
Differences According to Sex
In the present study, men performed better in the Timed Up and Go test than women. This finding can be partially explained by their superior peripheral muscle force (absolute values). Indeed, a well-preserved strength of lower limbs may facilitate the moment of standing up and sitting on the chair during the test. Men were also significantly taller, which might have contributed to this result, since a greater stride length can influence the time to complete the test. Moreover, although modestly, the Timed Up and Go test negatively correlated with peripheral muscle force and height in this sample. It is important to mention that the only 3 participants who took longer than 14 s to finish the Timed Up and Go test were women. Since the Timed Up and Go test is a functional test (ie, it reflects an activity of daily life), it would be reasonable to hypothesize that women are more susceptible to repercussions of this poorer performance in real life. In the prospective study conducted by Roig et al, 10 most subjects with COPD considered as "fallers" were women, which corroborates with this hypothesis.
On the other hand, women performed better in the static balance test than men. They had better performance despite presenting reduced muscle strength in comparison with men, which suggests that other mechanisms might be involved and more related to motor control. In another study, 34 the authors used the same force platform, task, and parameters to evaluate the balance of elderly subjects with and without osteoporosis. They found that men presented poorer balance in comparison with women for all parameters related to center of pressure, regardless of disease. The differences in physical performance between men and women are well known in the literature and have a relationship with anthropometric characteristics and morphology of each sex. 35 Also, between-sex differences in an activity pool of vestibular, proprioceptive, and visual systems have already been reported. 36, 37 During development of children and teenagers, the vestibular system and feedback/feedforward mechanisms develop later in boys than in girls, 37 which might influence postural control during the aging process. Elderly men would not integrate these 3 systems (vestibular, proprioceptive, and visual) as effectively as women matched by age. 36 In addition, the daily activities of men and women are different, and this may influence in some physical abilities, including balance. Elderly women remain significantly longer standing than men. 38 This posture is probably stimulated by a greater demand that women perform household activities often carried out in a standing position, such as washing, ironing, and cooking. 38 These activities, which are present in higher amounts in women's daily lives, can also exert influence on their balance.
Mechanisms of Balance in COPD
In the study developed by Roig et al, 15 people with COPD performed worse in the Sensory Organization test than healthy volunteers, despite the peripheral muscle force condition and physical activity level. Janssens et al 13 concluded that individuals with COPD have proprioceptive alterations probably related to an impaired postural contribution of the inspiratory muscle to trunk stability. In the present study, static balance correlated with age only, whereas functional balance had a correlation with peripheral muscle force and exercise capacity. It is possible to note that data available in the literature concerning the mechanisms of balance deterioration in COPD are inconsistent, exposing the need for further research in this field.
Limitations, Contributions, and Future Research
The lack of a group composed of people with COPD classified as GOLD I can be considered a limitation, since it hinders the external validity of the present results. However, these individuals are usually asymptomatic and rarely seek medical attention, making it difficult to form a group. As another limitation, it is possible to point out the absence of peripheral muscle force evaluation in the control group. The explanation is the recruitment source of healthy control subjects; they came from a parallel study in which muscle force was not assessed. Although a comparison between the COPD and control groups was not possible, the peripheral muscle force evaluation was helpful to understand the possible mechanisms of balance control in COPD.
The present study reinforces the statement that people with COPD have worse balance in comparison with healthy individuals, which was demonstrated by analyzing static and functional balance. Despite this, they do not necessarily have a balance deficit and risk of falling according to the functional test performed. This study adds new knowledge about the differences in balance performance according to sex and disease severity. Finally, it contributes to elucidating the mechanisms of balance control in COPD.
Several aspects of balance in COPD still need further research. For instance, the mechanisms involved in balance deficits are inconsistent in the literature. The profile of individuals with COPD who present balance disorders and risk of falling remains partially unknown, making it difficult to guide clinicians on which patients should attend specific training for balance during pulmonary rehabilitation. Furthermore, it is still not clear how severe balance impairments must be to indicate balance interventions during pulmonary rehabilitation in individuals with COPD.
Conclusions
Individuals with COPD had worse functional and static balance in comparison with healthy controls. Sex can mediate these results, depending on the type of balance evaluation (force platform or functional test), since men presented a better functional balance than women but poorer postural control on force platform. Finally, balance was not related to disease severity.
